In the course of electron microscopic examination of biopsy specimens from infants and children, peculiar features of the intestinal epithelium were noted in which intercellular spaces were filled with electron dense materials and gap junctions were well developed. This paper deals with these findings.
MATERIALS AND METHODS

Patients.
Twenty-seven infants and children were subjected to this study. They were admitted to the Pediatric Clinic, Tohoku University Hospital, with various gastrointestinal symptoms such as diarrhea, abdominal distension and vomiting. Clinical diagnoses of these patients included colitis ulcerosa, milk intolerance, intestinal lymphangi ectasia, acute diarrhea, intractable diarrhea, short bowel syndrome, idiopathic steatorrhea and congenital chloride diarrhea.
The age of the patients ranged from 1 month to 9 years when examined. (Reynolds 1963 ) and examined with a JEM-100 C or a JEM-200 A electron microscope. Sections from the tissue blocks embedded in Epon were stained with 1% aqueous toluidine blue (Trump et al. 1961 ) for light microscopic examination. In some cases repeated biopsies were carried out at different stages of recovery to examine morphological and biochemical changes.
RESULTS
AND DISCUSSION
In all cases examined junctional complexes of the epithelia of intestinal mucosa were intact (Fig. 1) . As originally noted by Farquhar and Palade (1963) , the complex consisting of a tight junction, an intermediate junction and a desmosome was formed at the most apical portion of the lateral surfaces of every two adjacent epithelial cells. Small dispersed desmosomes were also found on the lateral surfaces basal to the junctional complexes.
The gap junction is a specialized region of contact between apposed cell membranes of adjacent cells which has been considered to serve as a pathway for intercellular communication (Goodenough and Revel 1970; Friend and Gilula 1972) ; it is widely implicated in cell-to-cell transfer of ions (ionic or electrotonic coupling) Pappas et al. 1971 ) and cell-to-cell transfer of cellular metabolites (metabolites coupling) ).
As noted in animal intestines (Staehelin 1972 ; Yamamoto and Watanabe 1976), all of 40 biopsy specimens from 27 patients showed that the human intestinal epithelium also possessed the gap junctions. These junctions were rather well developed in the epithelia covering the intestinal villi, but were scanty in the intestinal crypts. They might occur at any level of lateral surfaces of both columnar and goblet cells below the lower ends of the junctional complexes, particularly often on interdigitated cell membranes of adjacent columnar cells (Fig. 2) . The junctional cell membranes were apposed in parallel to each other with a narrow gap intervening between them. This gap was filled with electron dense substances so that two outer leaflets of the apposed membranes were seen to be united into a single layer, approximately 60 A in width, together with the dense intercellular gap (Figs. 1, 3, 4 and 5) .
When sectioned tangentially, this dense layer showed a granular appearance with a vague regularity in arrangement (Fig. 3) . The multiple rotation exposure method of Markham et al. (1963) was applied to analyzing this regularity. It was revealed that each granule was surrounded by six granules, showing a hexagonal pattern as a whole. In fact only a six-step rotation gave a clear image of the arrangement of granules (Fig. 3c) . The shortest center-to-center distance between adjacent granules measured 90 to 100 A. Montesano et al. 1975 Montesano et al. , 1976 .
In 10 of the 40 biopsy specimens, intercellular spaces of the intestinal epithelia were filled with electron dense materials.
These materials filled up almost entirely the intercellular spaces except for areas of the intermediate junctions, desmosomes, and some small, non-junctional areas (Figs. 1, 3, 4 and 5) . The spaces filled with the materials showed a rather constant width, about 160-190 A, the apposed cell membranes being arranged in parallel with each other. The dense materials also filled a space subjacent to the basal surface of the epithelium to form a dense layer of varying thickness in which the basal lamina was completely buried (Fig. 5) . The gap junctions were especially well developed in the epithelia packed with the dense materials. It seemed that in the gap junctions of the packed epithelia the dense materials were condensed, showing a high density.
The occurrence of the dense intercellular materials was noted in patients with various diseases, such as colitis ulcerosa, milk intolerance, idiopathic steatorrhea, acute diarrhea, intractable diarrhea in infancy, and agammaglobulinemia. No particular diseases could be recognized to be in a causal relation to such packing of the epithelium. It was noteworthy., however, that the packing was especially conspicuous in 3 cases of long-period fasting (19-122 days) with a total parenteral Arakawa et al. 1976) . A long-period fasting is probably a condition under which the packing is likely to occur and the formation of the gap junctions is facilitated. Conversely, the electron dense materials and the well developed gap junctions were also observed in 2 specimens which showed many ampullar dilatations of intercellular spaces containing lipid droplets (Fig. 5b) .
There have been no reports within our literature survey of the vertebrates in which it was demonstrated that intercellular spaces of the intestinal epithelium were filled with electron dense materials. In some epithelia of the invertebrates, however, dense intercellular materials were noted at the septate junction (Hudspeth and Revel 1971) or the zonula continua (Noirot and Noirot-Timothee 1972) , and the electron microscopic appearance of the present cases resembled that of these junctional areas in invertebrate epithelia. The present study disclosed no evidence for the origin of dense materials. The nature and significance of the materials and their relationship to the formation of the gap junctions remain unsolved. 
